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There are many approaches to the valuation of stocks. The most 
commonly used approach to evaluate securities is the Capital Asset Pricing Model 
(CAPM). According to CAPM, risk is measured solely based on systematic risk 
(details about CAPM are discussed in later chapters). Amongst the assumptions 
of CAPM, one critical assumption is that investors select securities on the basis 
of the means and variances of security returns. This, however, may not be 
sufficient to predict the price changes caused by unanticipated events. 
Another approach to evaluate securities bases on the Arbitrage Pricing 
Theory (APT). This theory recognizes the existence of some systematic factors 
which affect the long-term average returns of financial assets. In particular, APT 
assumes that the mechanism of generating security returns follows a factor model 
in which some underlying factors account for these^j^ums. Examples of these 
factors are economic variables such as real economic growth and inflation, or 
financial variables such as dividend yield and capital structure (Fuller & Farrell 
1987). Nevertheless, during the process of stock evaluation, investors sometimes 
Investment Risk Information System (IRIS): An AHP Approach Page 2 
find it difficult to quantify qualitative factors, such as political uncertainty and 
management quality of the target company. 
In order to handle the above problem, the Analytical Hierarchy Process 
，» 
(AHP) is employed in this project. The applications of AHP in business research 
are common. Examples of these applications can be referred to Arbel & Orgler 
(1990)，Armacost & Hosseini (1990) and Srinivasan & Bolster (1990). To the 
best knowledge of the author, however, there exists no research that focuses 
specifically on the application of AHP on stock evaluation. Stock evaluation here 
refers to the selection of desirable stocks and the allocation of capital to these 
stocks. In view of this, the author would like to demonstrate how to apply the 
AHP model to such a complex issue of stock evaluation to cater for the inclusion 
of both the quantitative and qualitative factors. 
1.2 OBJECTIVES AND SCOPE 
The objectives of this project are to (i) review the concepts of decision 
support systems (DSS); (ii) formulate a model for stock evaluation based on the 
AHP model, and (iii) develop a DSS prototype, namely Investment Risk 
Information System (IRIS), for testing and validating the proposed AHP model. 
There are four stages in carrying out the project: 
1. to identify the determining factors for stock evaluation; 
2. to formulate an AHP model for stock evaluation; 
3. to develop a DSS prototype for the proposed AHP model; and 
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4. to evaluate the model and prototype. 
Basically the AHP model mentioned above can be extended to include 
factors and assets other than those incorporated in the proposed model. With �» ~ 
minor modifications, the model can be used in a variety of situations and for 
different types of investors. However, since the primary objective of this project 
is to demonstrate the application of AHP on investment decision process, the 
scope of this project is limited only to the evaluation of commons stocks by 
t 
individual investors (who may be stock analysts or average investors). 
The proposed AHP model would assist decision makers in assessing 
interacting factors to derive priorities that guide them to evaluate stocks. 
Furthermore, with a tailor-made software investors can avoid complicated 
computations, but also gain access to timely what-if analysis on the weights of 
their stocks investment by changing the relative importance of attributes at 
different levels. 
1.3 STRUCTURE OF REPORT � -
To cover the areas mentioned above, the whole report is constructed in the 
following way. Chapter 1 defines the objectives and scope of the project and 
depicts the structure of the report. Chapter 2 surveys on decision support systems 
(DSS) concepts. Areas covered include the decision-making process, the 
definition of DSS, the characteristics of DSS, and the conventional DSS 
framework. 
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Chapter 3 gives an introduction to CAPM and APT, a review on some 
previous studies on investment management employing DSS,and the rationale for 
the proposed DSS prototype for stock evaluation. The proposed AHP model for 
stock evaluation is compared with the APT as well as the Multi-Attribute Value 
^ i 
Model (MAV). Finally justifications for employing the AHP model in this project 
are also given. 
Chapter 4 gives an introduction to AHP and describes its functions and 
applications. In order to show the underlying concept of AHP, an example of 
solving the plant location selection problem through the use of AHP model is 
presented. After then, the details of the computation process of the AHP model 
are also illustrated. 
Chapter 5 introduces the development of an AHP model for stock 
evaluation. The proposed AHP model is made up of six levels. Each level 
corresponds to a stage of decision making. In the second part of this chapter, 
based on previous research findings, explanations and justifications for the choice 
of attributes at each level are given. 
Chapter 6 provides the reasonings for the development of the prototype 
IRIS based on the AHP model. It also describes the system flowchart and system 
specifications, and demonstrates the application of IRIS through an example. 
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Chapter 7 consists of an evaluation of the AHP model through the 
practices of the prototype. Basically it attempts to determine whether the 
application of AHP in stock evaluation could actually reflect the preferences of 
the users. 
> t 
Finally, Chapter 8 gives a summary of this project, including the model 
evaluation. At the same time, opportunities for future research are also 
1 
suggested. 
1.4 CHAPTER SUMMARY 
This chapter defines the objectives and scope of the project. A prototype 
for stock evaluation based on AHP model is being developed. The scope of the 
project is limited to the evaluation of commons stocks by individual investors only. 
The structure of the report was also presented in the chapter with brief 
descriptions for each chapter. The next chapter will survey on the decision 
support systems concepts. 
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CHAPTER 2 
DECISION SUPPORT SYSTEMS (DSS) 
2.1 THE DECISION MAKING PROCESS 
The decision-making process can usually be described in terms of three 
phases: intelligence, design, and choice (Simon 1977). During the first phase, the 
decision maker searches the environment for conditions calling for decisions. 
Data inputs are obtained, processed, and examined for clues that may identify 
problems or opportunities. In the second phase, the decision maker invents, 
develops, and analyzes possible courses of action. This involves processes to 
understand the problem, to generate solutions, and to test solutions for feasibility. 
Finally, he would select an alternative or course of action from those available, 
and the choice is made and implemented. There is always a flow of activities 
from intelligence to design to choice, but at any phase there may be a return to 
previous phases (Figure 1). 
One of the important aspects of the first phase is problem formulation. 
The purpose of problem formulation is to clarify the problem, so that design and 
choice activities operate on the "right" problem. Frequently, for some simple 
decision cases, formulating and structuring the problem is sufficient to make the 
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Figure 1: The Decision Process (Adopted from Simon 1977) 
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problem-solving process straightforward. For example, assignments of distribution 
vehicles to different districts can-be formulated as a transportation problem. In 
other cases, reduction of complexity is needed. For example, a production plan 
may be required to be broken down into sub-plans such as the sales plan, the 
material requirements plan, and the worker roster schedule. There are four 
strategies in reducing complexity and formulating a manageable problem (Davis 
& Olson 1984): 
- determining the boundaries (i.e. clearly identifying what is included 
in the problem); 
- examining changes that may have precipitated the problem; 
- factoring the problem into smaller subproblems; and 
- focusing on the controllable elements. 
In formulating a problem, it is often useful to establish an analogy or relationship 
to some previously solved problems or class of problems. It is in establishing such 
analogies that past experience becomes important. Also, with every complex 
problem broken apart into subproblems for separate analyses, such an approach 
becomes useful in starting the development of DSS. 
2.2 DEFINITION OF DSS 
The DSS concept represents a point of view on the role of the computer 
in the management decision making process. DSS usually refers to a class of 
information systems which supports relatively unstructured decision problems, 
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primarily for executives and middle management. A DSS can be defined as an 
interactive computer-based information system which provides managers with easy 
and flexible access to decision models and data via a sophisticated software 
interface (Ho & Pike 1992). 
� I 
The emphasis of DSS is on "support" rather than on automation of 
decisions. A typical DSS should assist in integrating the decisions of managers 
at all levels and should support all phases (i.e. intelligence, design, and choice) 
within the strategic decision making process whenever appropriate. In theory, a 
DSS differs from other types of systems in that it can be used to address ad hoc 
and unexpected problems, and provide decision support within the available time 
frame (Ho & Pike 1992). DSS allows the decision maker to retrieve data and test 
alternative solutions during the process of problem solving (Leigh & Doherty 
1986). DSS implies the use of computers to (Keen & Morton 1978): 
- assist managers in their decision process in semistructured and 
unstructured tasks; 
- support, rather than replace, managerial judgment; and 
- improve the effectiveness of decision-making rather than its 
efficiency. 
Furthermore, as a tool for solving ad hoc and unexpected problems, a DSS 
should have following attributes: 
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- flexibility and adaptability to accommodate changes in the decision 
environments and decision styles; 
- flexibility in specifying output requirements; 
- ease of use and ease of development for end-users; 
、4 
- fast response, high degree of user control and interactions; and 
- support all phases of decision making. 
A decision maker faced with a problem must first decide if it justifies the 
development of a computer-based decision support system. In some cases, a 
manual approach to decision support may be satisfactory and more cost-effective. 
The conditions that suggest the need for a computer-based DSS approach are: 
1. 
- unstructureness of decision problems; 
- complex manipulation of data; 
- several iterations before an acceptable result is achieved; and 
- frequent need for reanalysis. 
The ability to ask what-if questions and quickly see the consequences of changes 
in input variables is perhaps the most important advantage of DSS. With DSS, 
sensitivity analysis to discover how sensitive the results are to changes in the input 
variables can be easily performed. 
DSS products can be conceptualized as existing on three levels: specific 
DSS, DSS tools and DSS generators. A specific DSS (usually simply referred to 
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as DSS) is used by a decision maker to deal with a specific problem or set of 
related problems (e.g. security analysis). DSS tools are independent hardware 
and/or software elements (e.g. programming languages, statistical packages, 
optimization packages, database management systems) that enable one to build 
� I 
a DSS generator or a specific DSS. A DSS generator is a software package 
enabling rapid and easy specific DSS creation. More commonly known as 
financial modelling packages, a typical DSS generator usually contains a number 
of analysis tools such as non-procedural modelling language, what-if analysis,/goal 
seeking analysis, financial analysis, statistical analysis, forecasting and trend 
analysis, optimization, probabilistic risk simulation, database management, report 
generation, interactive graphics, and consolidations. Building a specific DSS 
involves decisions about the computer hardware and software to be used (Ho & 
Pike 1992). 
There is general agreement that specific DSS are developed most 
successfully by an iterative, prototyping approach (and which is one of the reasons 
why the DSS prototype IRIS for the proposed AHP model was developed in this 
project). Prototypes usually contain only a few simple functions. The important 
objective is to provide the user with a working system. Modifications and 
enhancements on the prototype usually continue until an acceptable system is 
completed. The development process may repeat even after the user successfully 
applies the model to one specific situation in order to adapt the model to further 
refinements (Davis & Olson 1984). 
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2.3 STRUCTURE OF DSS 
There are three main parts in a specific DSS: the Users (including User 
Interface), the Database, and the Model Base. A conceptual view of a DSS is 
presented in Figure 2. The following sections give definitions and descriptions to 
，I 
each component (Gordon & Schick 1990). 
2.3.1 Users 
Users of DSS include those managers in charge of the various decisions 
supported by the system. The users' software interface with both the model base 
and database is through a conversational and interactive query language, which 
is normally incorporated in the User Interface. 
2.3.2 Database 
A database is that portion of the DSS that contains the data items required 
to use the subroutines comprising the decision models. The data in the database 
are stored together with a minimum of redundancy to serve multiple applications, 
so the database is independent of the computer program that uses it and the type 
of hardware where it is stored. The database is organized so that the firm's 
original data files still exist, but they are linked in certain ways so that they form 
an integrated unit. This arrangement is very important when information is 
updated. In addition, there could be a considerable savings of storage space 
(Turban 1990). 
Investment Risk Information System (IRIS): An AHP Approach Page 13 







Investment Risk Information System (IRIS): An AHP Approach Page 14 
The logical concept of a database requires a special software to manage 
it, i.e. the Database Management'System (DBMS). DBMS is a software system 
that manages the creation and use of databases. All access to the database is 
through the database management software. All data validation and authorization 
、I 
checks of user authority to access a data item are handled through the DBMS 
(Turban 1990, Davis & Olson 1984). DBMS are usually classified into several 
types on the basis of data model in use. Three commonly discussed data models 
are hierarchical, network, and relational. All three models consider the logical, 
rather than the physical relationships among data. The hierarchical data model 
views data as being arranged in a one-to-many relationship, while the network 
model views data in a many-to-many form. The relational data model views data 
as being arranged in a set of cross referenced matrices called relations. 
2.3.3 Model Base 
The model base portion of a DSS comprises self-contained modules or 
subroutines that form economic and noneconomic decision models. The modular 
approach to developing the model base eases the mixing and matching of decision 
subroutines, facilitating the use of a variety of simple and complex decision 
models. It also facilitates the integration of several decisions in that the effect of 
one decision on another can be assessed quickly. More generally, the modular 
approach permits individuals to use effectively those parts of the system pertinent 
to their needs while ignoring other parts of the system. It also permits easy 
updating and changes over time as well as the ability to cut across different 
decision levels. 
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Conceptually, a DSS should contain a Model Base Management System 
(MBMS) that manages models and analysis programs in much the same way that 
the database management system manages data. Besides providing access to a 
variety of models for flexible use, the MBMS should contain the following 
* t 
functions (Leigh & Doherty 1986, Davis & Olson 1984): 
- the ability to catalog and maintain a wide range of models; 
- the ability to interrelate these models and link them to the 
database; 
- the abmty to integrate model "building blocks"; and 
- the ability to manage the model base with functions analogous to 
database management. 
2.4 CHAPTER SUMMARY 
This chapter gives an overview on the decision making process and the 
concepts and structure of DSS. The decision making process can usually be 
described in terms of three phases: intelligence, design and choice. A DSS can 
be defined as an interactive computer-based information system which provides 
managers with easy and flexible access to decision models and data via a 
sophisticated software interface. A DSS consists of three major parts: the user, 
database and model base. In the next chapter, some previous studies on DSS for 
stock evaluation will be reviewed, and the development of a new DSS prototype 
based on the AHP model will be proposed. 
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CHAPTER 3 
DSS FOR STOCK EVALUATION 
3.1 STOCK VALUATION: CAPM vs APT 
There are many approaches to stock evaluation. Within the field of 
finance, the dominant approach to investor choice has been in terms of two 
dimensions representing risk and return, as typified by the Capital Asset Pricing 
Model (CAPM). According to CAPM, risk is measured upon systematic risk, or 
beta. The beta of an investment measures the sensitivity of the investment's 
return to changes in the return on the market portfolio. Only the market, or 
undiversifiable risk requires a premium. The higher an investment's beta, the 
higher is its required rate of return. 
There are several assumptions of CAPM. One of the critical assumptions 
is that investors make decisions based solely upon risk-and-retum assessments. 
The judgments take the form of expected values and standard deviation measures. 
Based on mean-variance analysis, CAPM has its own significance in expressing the 
risk-return relationship. However, it suffers from several major shortcomings 
among others. Firstly, CAPM assumes that investors make decisions based solely 
upon expected values and variabilities of returns. It ignores other quantitative 
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factors (like earnings, tax rates, dividend policy, etc) as well as qualitative factors 
(like quality of management and political uncertainty) which are hard to be 
measured simply by some figures. As suggested by Roll & Ross (1984), returns 
on stocks depend basically on a variety of anticipated and unanticipated events. 
� I 
Anticipated events which will affect the expected returns of individual stocks are 
taken into considerations by investors and reflected to their market prices under 
the efficient markets. Generally, however, most of the return ultimately realized 
will be the result of unanticipated events. Thus, at this point it seems insufficient 
for one to evaluate stocks solely based on expected values and variabilities of 
returns. 
Secondly, the risk-retum formulation adopted by CAPM may be less 
suitable to describe the behavior of individual investors than to the behavior of 
investors "onaverage". CAPM assumes investors share identical expectation with 
regard to the relevant decision period, the necessary decision inputs, their form 
and size. Thus investors are presumed to have identical planning horizons, and 
to have identical expectations regarding expected return, variances of expected 
returns, and covariances of all pairs of securities (Fischer & Jordan 1987). In this 
way, CAPM seems less suitable to reflect individual's preferences on the stock 
evaluation process. For example, risk-retum trade-off of a specific investor may 
fall off the efficient frontier if his anticipated return on the investment does not 
equal to the expected return of average investor. 
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Thirdly, a number of psychological studies of risk behavior have suggested 
that even in the controlled environment of pure gambling situations, perception 
of alternatives may require a more complete description than the two-dimensional 
dichotomy between risk and return. Further, the risk and return dimensions are 
^ I 
composite in nature and cannot be uniquely identified with the usual quantitative 
measures such as mean and variance (Bemado & Upton 1980). As pointed out 
by March & Shapira (1987), there are some more complicated concepts of risk 
in decision making under the actual process of choice behavior. There are 
suggestions, for example, that individuals tend to ignore possible events that are 
very unlikely or very remote, regardless of their consequences. Individuals look 
at only a few possible outcomes rather than the whole distribution, and measure 
variation with respect to those few points. They are more comfortable with verbal 
characterizations * of risk than numerical characterizations even though the 
translation of verbal risk expressions into numerical form shows high variability 
and context dependence. The likelihoods of outcomes and their values enter into 
calculations of risk independently, rather than as their products. Such ideas seem 
to indicate that the ways in which human decision makers define risk may differ 
significantly from the definitions of risk in CAPM. 
As an alternative model for stock valuation, Arbitrage Pricing Theory 
(APT) derives returns from the properties of the process generating stock returns 
and employs arbitrage opportunities to define equilibrium. Under certain 
circumstances, it derives a risk-retum relationship identical to CAPM. Basically 
APT does not assume that investors select or price stocks on the basis of the 
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means and variances of returns. In turn APT assumes that security returns are 
generated according to what is known as a factor model. This model takes the 
view that there are underlying factors that give rise to returns on stocks. 
Examples of these factors might include such economic variables as real economic 
� t 
growth and inflation, or such financial variables as dividend yield and capital 
structure (Fuller &Farrell 1987). Furthermore, in APT risks are measured by the 
factor coefficients. The factor coefficients reflect the sensitivities of a security to 
the changes in systematic factors. 
As mentioned, anticipated events which will affect the returns of individual 
stocks are taken into considerations by investors and reflected in the market 
prices. Stock returns are influenced by factors not systematic to the economy as 
a whole, impinged upon individual firms or particular industries, but not related 
directly to overall economic conditions. Such forces are called idiosyncratic to 
distinguish them from the systematic factors that describe the major movements 
in market returns. These factors may include company size, quality of 
management, dividend policy, past and forecasted earnings, etc. 
Based on the above arguments, most of the returns ultimately realized 
would result from unanticipated events. Of course, change is anticipated, and 
investors know that the most unlikely occurrence of all would be the exact 
realization of the most probable future scenario. Even though we know some 
unforeseen events may occur, we do not know their exact directions or their exact 
magnitudes. What we can know is the sensitivities of security returns to these 
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events. And in APT, these sensitivities are measured by the factor coefficients in 
the APT equation. , 
With respect to the above two approaches (CAPM & APT), APT seems 
� I 
more appropriate to this project, that is, the evaluation of common stocks by 
individual investors. There are two reasons: 
- A P T provides the flexibility of assisting specific investors making 
decisions in addition to general investors, which is an advantage of APT 
over CAPM as mentioned above. 
-Investors tend to consider factors in addition to beta adopted by CAPM 
as its sole determining factor. These factors may include company size, 
wave trend, dividend policy, etc. With APT, investors can price the 
securities according to the sensitivities of the securities to the influencing 
factors. 
However, before a DSS prototype is being developed, as a starting point it is 
worthwhile to have a review on some existing researches on stock investment 
information systems, to see how investment decisions are currently assisted by 
existing DSS. In next section, previous researches on stock investment 
information systems are summarized. 
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3.2 DSS FOR STOCK INVESTMENT 
With the development of the decision support systems approach, DSS 
concept-based information systems can provide investors with more power and 
flexibility on investment management. Many research focused on the 
I 
improvement of investors' decision-making processes. Braun & Chandler (1987) 
conducted a study on capturing the characteristics of the stock market through the 
use of Learning-From-Example (LFE) technique. With the dynamic nature of the 
business environment, this study represented a substantially different decision 
environment than those previously analyzed by same technique. As pointed out 
by Braun & Chandler，although many market analysts follow a rigorous program 
of data analysis and evaluation, they found it difficult to explain how individual 
data elements are combined to arrive at specific market predictions. To do so, 
they adopted the Rule Induction approach, an artificial intelligence (AI) based 
technique, which attempts to induce a decision model with the presentation of 
examples of a decision (its inputs and outcomes). Such a tool was concluded to 
be beneficial in developing a decision support system for market analysts or in 
improving market analysts' own decision making processes. 
Another prototype of decision support system for portfolio investment 
advisors, namely Portfolio Management Intelligent Decision Support System 
(PMIDSS) was developed by Lee & Stohr in 1985. In their study, the problem 
solving procedure for portfolio management was divided into two phases as 
follows: 
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Phase I: Investment Timing 
1. Determine economic conditions. 
2. Select scenarios fitting economic conditions. 
3. Determine relative amount to invest in stocks, bonds, etc. 
Phase II: Stock Selection 
4. Determine risk profile of the investors. 
5. Select particular stocks, bonds, etc. 
6. Determine amount to be invested in each selected asset. 
However, the above study concentrated on development of the representation 
scheme of knowledge rather than models for assisting decision makers in 
analyzing securities. This may partly be due to the reasons that the business 
environment was so complex and ill-defined. In the opinion of Lee & Stohr, good 
representation of broad areas of knowledge, such as those for fundamental and 
technical analysis, were more important than any other aspect in solving 
investment problems. 
In PMIDSS, domain knowledge (which includes facts, heuristic procedures 
and rules) was divided into four different layers: general economy and stock 
market, industries, companies, and selected stocks. Although details of new 
representation schemes were presented, only existing analytical tools were being 
applied in the model management component for asset allocation. Similar to 
PMIDSS, another architecture called Intelligent Stock Portfolio Management 
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System (Lee, Kim & Chu 1989) also tried to integrate optimization model and 
expert system. Nevertheless, complicated quadratic programming model was 
employed to assist making investment decisions. 
� t 
With respect to the above systems, its seems that not much concern had 
been put on assisting decision makers in assessing interacting factors, both 
quantitative and qualitative, to derive priorities that allows investors to evaluate 
stocks. In light of this, a DSS prototype based on the AHP model which supports 
the above function is being proposed. 
3.3 THE PROPOSED STOCK EVALUATION DSS 
The architecture of the proposed DSS is depicted in Figure 3. At the core 
of the DSS, a model enables users to quantify qualitative factors, such as political 
uncertainty and management quality of target company. It allows users to 
evaluate stocks in such a way of reflecting their preferences. These aspects seem 
to be neglected by all other approaches mentioned above. 
An approach which facilitates investors to do these during their decision 
processes is the Analytic Hierarchy Process Model (AHP) (Saaty 1980) which is 
one of the approaches to Multiple Criteria Decision Making (MCDM). In a 
previous study (Belton 1986), it is concluded that AHP and Simple Multi-
Attribute Value Function (MAV) were the approaches best suited to MCDM and 
were the most widely used in practice. Although AHP and MAV differ in many 
ways, AHP is still directly comparable to the MAV approach in which a linear 
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Figure 3: Proposed DSS Model for Stock Evaluation 
Interface 
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additive weighted value function is an appropriate model of the decision maker's 
preference structure. An examplfe of linear additive weighted value function is 
APT. 
\ I 
In summary, the implication of APT is that the return of an asset can be 
priced from a list of pre-determined factors, which is quite similar to the MAV 
model. However, even all those relevant factors are identified, the sensitivities 
or corresponding coefficients of those factors can hardly be determined exactly, 
especially when those factors cannot be quantified in a simple way. 
One of the attempts to the investment decision problem is by considering 
the choice problem as a Multiattribute Decision (Bernardo & Upton 1980). The 
input data employed are ordinal rankings of the alternative portfolio candidates, 
one ranking for each attribute, while the output is a compromise ranking over the 
attributes. However, the problem being solved by Bernardo & Upton is the 
selection of an optimal portfolio amongst alternatives. What actually the current 
problem is to select stocks and assign weight to each stock so that their values 
could be well reflected. Although the problem could still be solved by adjusting 
the alternative portfolios until an overwhelming choice is available, this might be 
too time-consuming as the number of combinations of stock holdings increases. 
Furthermore, the major weakness of the MAV approach is its failure to 
incorporate systematic checks on the consistency of judgments. Thus, in this 
project the AHP approach is adopted for selecting and assigning weights to the 
stock candidates. 
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3.4 CHAPTER SUMMARY 
CAPM and APT are reviewed in this chapter. There are three weaknesses 
of CAPM. It assumes that investors make decisions based solely upon expected 
values and variabilities of returns. It is less suitable for describing behavior of �» 
individual investors than average ones in general. Also, evaluation of investment 
requires a more complete description than just risk and return. Compared with 
CAPM, APT seems to be more suitable for stock evaluation by individual 
investors. Followed by a brief summary of previous studies on investment 
management employing DSS, in view of the deficiencies of the previous systems, 
a DSS prototype for stock evaluation is proposed. Finally, the AHP model is 
suggested to be used as the core of the proposed DSS, with justifications given at 
the end of the chapter. The next chapter will cover more details about the AHP 
model. 
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CHAPTER 4 
ANALYTICHDERARCHY PROCESS (AHP) 
4.1 WHAT IS AHP 
Basically AHP is one of the operations research methods developed for 
assigning priorities to choices by pairwise comparisons on those attributes under 
consideration. Actually AHP can be compared to the systems approach. The 
systems approach has generally been employed for solving problems in various 
situations. Under the systems approach, the problem being solved (or goal being 
achieved) can be sub-divided into lower level sub-problems (or objectives), and 
the process would be repeated until some fundamental problem is reached. 
Similar reasonings can be applied to AHP. Although applications of AHP can be 
found in many business research (Arbel & Orgler 1990，Armacost & Hosseini 
1990, Srinivasan & Bolster 1990)，a simple example of how to apply AHP is given 
below so as to provide readers with the basic concepts and terminology of the 
model. 
4.2 AN EXAMPLE: PLANT LOCATION SELECTION 
Consider a case where a decision maker wants to determine a suitable 
location for setting up the production plant. Now the goal is "to find a desirable 
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plant location". Before making the decision, the decision maker may want to 
know what are the financial and non-financial benefits of establishing the plant 
in each location. Financial benefits of setting up the plant at certain location may 
include lower land price and lower transportation costs. Non-financial benefits 
’ I 
may be higher available workforce and better climate. With these factors, there 
may have several suitable candidate locations available in the country. Each of 
them has its own favorable and unfavorable attributes. In order to make the 
decision, the following hierarchy can be set up (Figure 4): 
Level 1: To Find a Desirable Plant Location (PL) 
Level 2: Financial Benefits (FB), Non-financial Benefits (NB) 
Level 3A: Financial Benefits: Lower Land Price (PR), Lower Transportation 
Costs (TC) 
Level 3B: Non-financial Benefits: Higher Available Workforce (AW), Better 
Climate (BC) 
Level 4: Location A, Location B, Location C, Location D. 
The decision process has been divided into four levels. At the first level it is the 
goal to be achieved. To achieve that goal, two factors are considered - financial 
benefits and non-financial benefits. Thus, at the second level, the relative 
importance of financial and non-financial benefits are being made. Some people 
may put more emphasis on financial benefits upon the budget constraints, while 
others may look non-financial benefits as a more critical factor. At the third 
level, we have lower land price, lower transportation costs, higher available 
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Figure 4: An AHP Model for Plant Location Selection 
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workforce and better climate as factors of financial and non-financial benefits 
respectively. The decision maker should decide which attribute is more important 
and has more impact on the decision. Finally, at the fourth level, the decision 
maker should determine where to locate the plant by giving score of each location • • 
on these attributes. 
For the first three levels, since only two factors are being compared at each 
level, it would be straightforward for the user to state out the relative importance 
of each one. Assume in the example that the following weights are assigned: 
Level 2: Financial Benefits: 0.6, Non-financial Benefits:0.4 
Level 3A: Lower Land Price: 0.8，Lower Transportation Costs: 0.2 
Level 3B: Higher Available Workforce: 0.7, Better Climate: 0.3 
However, normally it would be difficult for one to give relative scores of the 
locations on the attributes directly. But with AHP, what one needs to do is to 
give pairwise comparisons for those attributes. For instance, if one wants to find 
the scores of those locations on land prices the following matrix could be set up: 
BCD 
Lower Land Price 
A B C D 
1 5 5 9 
1/5 1 1 3 
1/5 1 1 3 
1/9 1/3 1/3 1 
Eigenvector: (0.65,0.15,0.15,0.05)C.R.: 0.03 
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For the above matrix, the cell entries indicate the relative importance of 
attributes on the corresponding row and column. For example, in the above 
matrix, we have a 5 in row A column B. It means that when Location A is 
compared with Location B for lower land prices, Location A is strongly preferred 
* I 
to Location B (definitions of scales are given in later sections). There are two 
remarks in filling the matrix: 
- as explained by Saaty (1980)，scale between 1 to 9 is being used for 
comparison (refer to Table 1); 
- the matrix is symmetric, with entries in lower triangular portion 
exactly the reciprocals of those in the upper triangular, and 
diagonal entries filled with I's. 
As will be shown later, two important information can be extracted from the 
above matrix: the eigenvector and consistency ratio (C.R.) (methods of 
computation are illustrated in later sections). The eigenvector contains the 
weights (or relative importance) of the attributes, and the C.R. measures the 
degree of consistency to which the matrix is filled. For the above matrix, the 
eigenvector is (0.65,0.15,0.15,0.05)while the C.R. is 0.03. What it means is that, 
•i 
in making the location decision for the plant, the favourability of the four 
locations A, B, C and D are in the ratio of 0.65,0.15,0.15,and 0.05 respectively. 
Here one important point to be reminded is that, in filling the matrix, the C.R. 
should have a value of 0.1 or less. C.R. with a value of 0.1 or less implies that 
the entries are filled with accepted level of consistency. 
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Weak importance of 
another 
Explanation 
Two activities contribute 
equally to the objective 
over Experience and judgment 
slightly favour one activity 
over another 






Reciprocals of above 
nonzero 
Intermediate values between 
adjacent scale values 
If activity i has one of the above 
nonzero numbers assigned to it 
when compared with activityj, then 
j has the reciprocal value when 
compared with i 
Experience and judgment 
strongly favor one activity over 
another 
An activity is favoured very 
strongly over another, its 
dominance demonstrated in 
practice 
The evidence favoring one 
activity over another is of the 
highest possible order of 
affirmation 
When compromise is needed 
A reasonable assumption 
Similar matrices can be set up for the other three determining factors 
(lower transportation costs, higher available workforce and better climate). The 
eigenvectors as well as the consistency ratios are computed as below: 
Transportation Costs 





1/3 3 7 





L f y 
1/7 1 3 
D 1/7 1/9 1/3 1 
Eigenvector: (0.26,0.60,0.10,0.04)C.R.: 0.03 
Eigenvector: (0.19,0.37,0.37,0.07)C.R.: 0.00 
For each of the above matrix separate eigenvectors can be found, and scores of 
the locations on each attribute can be tabulated as follows: 
Eigenvector: (0.14,0.14,0.46,0.26)C.R.: 0.00 
Better Climate 
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Available Workforce 
The meaning of the above table is that, if only lower land price is considered, 
Location A would have a rating of 0.65, Location B 0.15, Location C 0,15, and 
Location D 0.05. Up to now only the scores of each individual attribute of each 
location are found. What we need is to have a single index for each location. As 
mentioned above, in considering the financial benefits, the weights assigned to 
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those assigned to higher workforce availability and better climate under non-
financial benefits are in the ratio- of 0.7 to 0.3. Thus, for example, the score of 
Location A on financial benefits can be computed in the following way: 
V I 
(0.8)(0.65) + (0.2)(0.26) = 0.57 
The scores for other locations on financial and non-financial benefits can be 
computed in the similar way. Therefore, the above matrix can be reduced to: 
Financial Non-financial 
Benefits Benefits 
Finally, with weights of financial and non-financial benefits in the ratio of 0.6and 
0.4，the overall rankings of the four locations become 
A = 0.41 B = 0.23 C = 0.26 D = 0.10 
Hence, with the application of AHP model, the decision maker would find out 
that Location A could provide the company with highest utility which could be 
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4.3 COMPUTATION PROCESS OF AHP 
In computing the weights* that are assigned to attributes, three values 
should be computed: (i) principal eigenvector; (ii) eigenvalue; and (iii) 
consistency ratio. Based on Saaty (1980)，procedures for computing those values 
> I 
are summarized below. 
4.3.1 Notations 
Let A denote the matrix containing pairwise comparisons of attributes, 
w denote the principal column eigenvector of matrix A, and 
N denote the eigenvalue. 
then by the matrix theory, we have the following equation: 
A w = N w 
4.3.2 Principal Eigenvector 
There are two ways by which the principal eigenvector w could be 
computed: 
4J,2a Method I 
First of all we can compute the principal eigenvector by raising the matrix 
to powers that are successively squared each time. The row sums are calculated 
and normalized. The computer is instructed to stop when the difference between 
these sums in two consecutive calculations is smaller than a prescribed value. 
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4.3.2bMethod II 
Find the geometric mean' of all elements in each row. Normalize the 
resulting numbers. The number in the ith row would correspond to the ith 
element in the column principal eigenvector. 
* ( 
In comparing the above two methods, each of them has its own pros and 
cons. Method I provides solution with higher accuracy, but also with higher 
computational complexity. Method II provides just a fairly good approximation 
to solution from Method I, but with comparatively lower computational 
complexity. As the AHP model becomes more complicated, Method I would be 
preferred as the errors are always cumulated from the lower level of hierarchy to 
the upper ones. However, since our objective is to demonstrate the applicability 
of the model, Method II will be adopted as the size of the proposed hierarchy is 
not too large. 
4.3.3 Eigenvalue 、： 
After the principal eigenvector w has been found, the eigenvalue N can be 
computed by 
— A - • W-
N = X) J J W； 
4.3.4 Consistency Ratio 
Before the pairwise comparisons are accepted, it should be ensured that 
those comparisons are made consistently. As the number of attributes being 
where bold numbers represent the orders of matrix, while the figures right below 
are the R.I.，s. For example, if the C.I. of a comparison matrix for 10 attributes 
is found to be 0.02, the C.R. will be 0.02/1.49 = 0.013, which implies that the 
matrix is filled consistently as the C.R. is smaller than 0.10. 
4.4 CHAPTER SUMMARY 
This chapter summarizes the underlying concepts of AHP. AHP resembles 
the process by which decision makers conceptualize and structure complicated 
problems. AHP begins by disintegrating the underlying unstructured problem into 
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compared increases, inconsistent pairwise comparisons may be made. Deviation 
from consistency can be measured by the consistency ratio, which is defined as 
C.I./R.I. for the same order matrix where C.I. is the consistency index and R.I. 
is the random index. 
C.I. equals to (N-n)/(n-l) where N is the eigenvalue and n is the number 
of attributes. R.I. is found by computing C.I. for a matrix generated in a random 
fashion. From Saaty (1980), the R.I.'s (generated by computing C.I. for random 
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components and then arranges them in hierarchical order. The next step assigns 
numerical values to each component by pairwise comparison. Then the relative 
weights of components are estimated such that those weights reflect comparative 
importance. Finally, the weights of elements for various levels are aggregated to 
\ I 
produce a vector of composite weights that serves as a rating of decision 
alternatives or selection choices. To illustrate the procedures, a problem of plant 
location selection was used to demonstrate the application of AHP. In the next 
chapter a proposed AHP model on stock evaluation is formulated. Justifications 
and explanations for the structure of the proposed AHP model are also given. 
N 
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CHAPTERS 
AN AHP MODEL FOR STOCK EVALUATION 
5.1 ALTERNATIVES FOR STOCK EVALUATION 
Before the proposed AHP model for stock evaluation could be set up, it 
should first of all identify all the crucial elements that an individual investor 
would concern about in making an investment decision. As pointed out by Baker 
& Haslem (1973), determination of the user market and its needs for financial 
information was complex because users were in heterogenous groups with often 
widely divergent interests. Basically, the user market resembled a triangle in 
terms of numbers and sophistication. At the top of it, there were only a few 
sophisticated securities analysts, while at the bottom there were many individual 
investors. Baker & Haslem had focused their study on individual investors in 
common stock (Table 2). One of the important findings of their study was that 
investors made their decisions based primarily on future expectations. 
Another approach for analysis of common stocks is through the Economic-
Industry-Corporate (E-I-C) Framework (Fischer & Jordan 1987). About two-
thirds of the variation in the prices of stocks observed was the result of market 
and industry influences or factors. Their study implied that in order to estimate 
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Table 2: Rank of Investment Factors (Adopted from Chugh & Meador 1984) 
Rank 
Of Great Importance 
1 
‘ Factor 
Future economic outlook of the company 
Quality of management 
Future economic outlook of industry 
Of Moderate Importance 
Expected growth in sales 
Financial strength of company 
Expected growth in EPS 
Reputation of company 
General business of US 
Risk of loss on stock 
Price behaviour of stock in past 12 months 
Current P/E of stock 
Past growth of EPS 
Stability of EPS 
Rate of return on assets of company 
16 Stock marketability 
17 Portion of asset financed by debt (leverage) 
18 R&D involvement of company 
Of Slight Importance 
19 Listing of stock on a stock exchange 
20 Expected growth of dividends 
21 Expected return from dividends (yield) 
22 Activity of stock in terms of trading volume 
23 Effect of personal capital gains taxation 
24 Retention ratio of company 
25 Past growth rate of dividend per share 
26 Current % return from dividends (yield) 
27 Stability of past dividends 
28 Past % return from dividends (yield) 
29 Dividend payout ratio of company 
30 Book value of share 
31 Expected future long-term i'son corporate bonds 
32 Size of company 
33 Company asset liquidity 
Stock price changes, an analyst should spend more than a little time probing the 
forces operating in the overall economy, as well as influences peculiar to industry 
concerned. Specifically, several key characteristics should be considered during 
industry analysis: past sales and earnings performance, permanence, government 
attitude, labor conditions, competitive conditions, and industry share prices 
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relative to industry earnings. Furthermore, for company analysis, several aspects 
had to be investigated: the quality'of management, P/E ratio, dividend policy and 
earnings (detail descriptions of these items are given in the following sections). 
5.2 THE AHP MODEL FOR STOCK SELECTION 
Alternative approaches to stock evaluation have been mentioned in the 
previous section. Based on these approaches, in order to select and determine 
the portion of capital to be allocated to the stock candidates, three levels of 
factors are usually considered: the environmental factors, the corporate factors 
and technical factors. Based on a research of Khaksari, Kamath & Grieves 
(1989), a hierarchy for the process of common stock evaluation is proposed to be 





Select Optimal Stock 
Planning time horizons: Long-term, Medium-term, Short-term 
Risks, Return 
Environmental Analysis, Corporate Analysis, Technical Analysis 
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- Dividend Policy 
Level 5C: Technical Factors ’ 
- Beta 
- Moving Averages 
- RSI 
.. - Waves Trend 
- Trade Volume 
Level 6: List of pre-determined company stocks 
5.3 EXPLANATIONS AND JUSTIFICATIONS FOR PROPOSED 
HIERARCHY 
The proposed hierarchy for stock evaluation is formulated according to the 
decision process of an average investor. Basically the stock evaluation process 
can be conceptualized as shown in Figure 6 (Chugh & Meador 1984). Two 
important aspects are evaluated: the prospect of the relevant industry and the 
financial performance of the company. Predictors of the financial performance 
of the company include quality and depth of management, sound strategic plan 
and planning system, market dominance, and strategic credibility. Corresponding 
to these two considerations, the proposed model also includes the environmental 
factors and corporate factors. In addition, technical factors are also incorporated 
into the model so as to reflect preference of some individual chartists. The 
following sections describe in details the meanings of and justifications for all 
factors at each level. 
Investment Risk Information System (IRIS): An AHP Approach Page 44 
Score of (or portion of capital to be allocated to) Stock 
Performance score of Stock i in long-term 
Weight of long-term performance to total score 
Performance score of Stock i in medium-term 
Weight of medium-term performance to total score 
Performance score of Stock i in short-term 
Weight of short-term performance to total score 
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5.3.1 Level 1 
The first level of the proposed AHP model is to evaluate and allocate 
suitable amount of capital to the stock candidates such that the preferences of an 
individual investor are reflected. Output from the AHP model are weights 
,i 
assigned to the stock candidates. There are two ways by which these weights are 
useful to the investor. Firstly, the stock with the highest weight will be the one 
most favourable to the investor. Secondly, the weights can be used as guides for 
the investor to allocate pro-rata amount of capital to the stock candidates. 
5.3.2 Level 2 
The second level of the hierarchy is the planning time horizons, which can 
be divided into short-term, medium-term, and the long-term. Using the same 
definitions as Khaksari & Kamath & Grieves (1989), short-term means time 
period up to six months, medium-term means time period from six-months up to 
two years, and long-term means time period of two years or more. At this level, 
it would be tried to compare the relative importance of performance of stock 
candidates at different planning horizons. To put into the format of APT, the 
goal of the model can be expressed in the following form: 
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At this level, AHP facilitates the process for determining coefficients Bj^Bjj, and 
B13. The more important an attribute is, the higher corresponding B value. The 
user is required only to make painvise comparisons on these three attributes in 
turn, and the output would be a vector containing the weights in the form (Bn Bjj 
� i 
5.3.3 Level 3 
What an investor always concerns is the rate of returns from the stock 
candidates and the associated risk. For the three planning time horizons, the 
relative importance of risk and return differs. The attribute risk means 
minimizing every kind of risk in its very board form. Risk may include liquidity 
risk, systematic risk, residual risk, risk of unanticipated changes in environmental 
factors, etc. The attribute return means maximizing the nominal rate of return 
with all factors that influence it being considered. 
In the proposed AHP model, the relative importance of risk and return 
may differ in each of three planning time horizons. For example, an individual 
investor may prepare to take more risk in the short run in exchange for higher 
return, which implies larger weight would be placed on the return attribute (the 
investor is more sensitive to return than to risk). On the other hand, in the long 
run, that investor may not be willing to hold risky stocks even with considerably 
higher rate of return. This implies that larger weight is placed on the risk 
attribute. 
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Corresponds to APT, to compute the performance score of a specific stock 
for long-term, medium-term, and short-term planning time horizons, the following 




= B 2 i R S i + 622 RTi 
= f i 2 3 R S i + 1^24 RTi 













Performance score of risk on Stock i 
Performance score of rate of return on Stock i 
Performance score of Stock i in long-term 
Weight of risk to score of long-term performance 
Weight of return to score of long-term performance 
Performance score of Stock i in medium-term 
Weight of risk to score of medium-term performance 
Weight of return to score of medium-term performance 
Performance score of Stock i in short-term 
Weight of risk to score of short-term performance 
Weight of return to score of short-term performance 
Similar to previous level, at this level AHP facilitates the process for determining 
coefficients B22，B23，%5，and fi^e. The user is only needed to make pairwise 
comparisons on these two attributes of risk and return for the three planning time 
horizons in turn. The outputs are three vectors containing the weights. For long-
term objectives, the vector showing trade-off between risk and return is (Bji ^22), 
for medium-term objectives it is (B23 B24), and for short-term objectives it is (&2s 
&26)' The higher the fi value, the more important would be the associated 
attribute. 
Performance score of risk on Stock i 
Performance score of rate of return on Stock i 
Score of Stock i as estimated by environmental analysis 
Score of Stock i as estimated by corporate analysis 
Score on Stock i as estimated by technical analysis 
Weight of environmental analysis to score of risk 
Weight of corporate analysis to score of risk 
Weight of technical analysis to score of risk 
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Note that RT should have higher values for stocks with higher returns, 
while RS should have higher values for stocks with lower risks. 
5.3.4 Level 4 
\ t 
Generally there are two approaches that can be employed to estimate the 
rate of return and risk that associated with an individual stock: the fundamental 
analysis and technical analysis (Fischer & Jordan 1987). In the proposed AHP 
model, fundamental analysis is further divided into environmental analysis and 
corporate analysis. In APT, different securities would have different exposure as 
well as sensitivities to the environmental factors and corporate factors, and would 
have different predicted performance as forecasted by the technical analysis. 
Individual investors consider that the associated risk and return of a 
common stock can be measured or predicted by the three types of analysis 
(environmental analysis, corporate analysis, and technical analysis). To determine 
the performance score of the security on risk and return, the following equations 
are set up: 
RSj = 133iEFi + B32CFi + BssTFj 
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Weight of environmental analysis to score of return 
Weight of corporate analysis to score of return 
Weight of technical' analysis to score of return 
Coefficients fiji,為2，^33，^34 ^35，and can be determined by applying the AHP 
> I 
model. The user is only required to make pairwise comparisons on the three 
attributes of environmental analysis, corporate analysis, and technical analysis for 
the risk and return, and the outputs are two vectors containing the Bs. For 
estimating the risk exposure, the vector showing the relative effectiveness of 
environmental, corporate and technical analysis would be (B�！ B22 B33), while the 
one for rate of return would be (634 B35 Bjg). 
5.3.5 Level 5 
This level use attributes other than the two used by the CAPM, i.e. risk 
and return, to estimate the relative values of the common stocks in the eyes of the 
individual investors based on the three analyses as mentioned above. Five factors 
are used for each analysis as followings: 






(ii) Corporate Factors 
Past Earnings 
Forecasted Earnings 
Quality of Management 
Company Size 
Score of Stock i as estimated by environmental analysis 
Score of Stock i based on tax rates 
Score of Stock i based on market trends 
Score of Stock i based on interest rates 
Score of Stock i based on GDP 
Score of Stock i based on political uncertainty 
Importance of tax rates to environmental analysis 
Importance of market trends to environmental analysis 
Importance of interest rates to environmental analysis 
Importance of GDP to environmental analysis 
Importance of political uncertainty to environmental analysis 
Score of Stock i as estimated by corporate analysis 
Score of Stock i based on past earnings 
Score of Stock i based on forecasted earnings 
Score of Stock i based on quality of management 
Score of Stock i based on company size 
Score of Stock i based on dividend policy 
Importance of past earnings to corporate analysis 
Importance of forecasted earnings to corporate analysis 
Importance of quality of management to corporate analysis 
Importance of company size to corporate analysis 
Importance of dividend policy to corporate analysis 
TFj： Score on Stock i as estimated by technical analysis 
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- Dividend Policy 
(iii) Technical Factors ， 
- Beta 
- Moving Averages 
- RSI 
‘ - Waves Trend 
- Trade Volume 
To determine the score, or the favorability, of an individual stock by 
employing the above three analyses, the following three equations are set up: 
EFi = 134iTaXi + B4 2Mkti + 64 3 l n t i + 4GDPi + B4 sPoUj 
CFj = 64 ^PEnj + 34 7FEni + B4 gMgti + N ^ C S Z i + B4 IflP^Oi 
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Score of Stock i based on beta value 
Score of Stock i based on moving averages 
Score of Stock i based on relative strength index 
Score of Stock i based on wave trend 
Score of Stock i based on trade volume 
Importance of beta to technical analysis 
Importance of moving averages to technical analysis 
Importance of RSI to technical analysis 
Importance of wave trends to technical analysis 
Importance of trade volume to technical analysis 
Readers are reminded that, for the above attributes, lower the risk and/or higher 
the return would result a higher score of that stock. 
Usage of some of the factors are quite straightforward. For example, 
GDP, tax rates and political uncertainty have unanticipated nature and the 
general influence on people's expectations about the economic environment in the 
future. Detail reasonings and justifications for employing some of the important 
attributes listed above in pricing the stocks are given in the following sections. 
55a Market Trend 
Market trend here means the general performance of the industry to which 
a stock belongs. Results of a study (Sorensen & Burke 1986) suggested that a 
portfolio manager might be able to add value to a portfolio by using group 
rotation which required the conscious decision to make portfolio shifts into and 
out of industry groups at discrete points. Based on this empirical study, the 
market trend of the specific industry to which a stock belongs is justified to be 
included as one of the determining factors. 
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5.2.5b Interest Rates 
The study conducted by Roll & Ross (1984) found that the asset's riskiness 
and hence its average long-term return were directly related to its sensitivities to 
unanticipated changes in four economic variables: inflation, industrial production, 
risk premiums and slope of the term structure of interest rate. There were many 
other potential systematic factors which influenced returns, but only through their 
impact on the above four factors. The money supply, for example, is an 
important variable, but it is not as good a yardstick against which to measure 
sensitivities, because most of the influence of unpredicted money supply changes 
is captured by other variables. For instance, the change in interest rates is an 
adequate measure of the surprise in the announcement. Basically the effect of 
interest rates on the valuation of the stock price of a firm becomes apparent when 
we consider the Discounted Cash Flow (DCF). The term structure of interest 
rates enters because most assets have multiple year cash flows and, for reasons 
relating to risk and time preferences, the discount rates that apply to distant flows 
are not the same as the rates that apply to flows in the near future. 
5 J.5c Past Earnings, Forecasted Earnings, and Quality of Management 
As one of the previous studies (Baker & Haslem 1973) had found out, the 
three factors past earnings, forecasted earnings and quality of management are 
of great importance in the investment decision-making process of individual 
investors on common stocks. It was widely accepted that investors based their 
decisions to a substantial degree on expectations of future earnings. The 
respondents in that research were also very concerned with the quality of 
Investment Risk Information System (IRIS): An AHP Approach Page 53 
management, although this factor is not sufficiently precise to be translated into 
specific information elements. ‘ 
As suggested by Fischer & Jordan, there are a number of ways by which 
^ ( 
analysts can assess the management quality of a company. Firstly, the analysts 
can look at past performance of management to see whether management was 
capable of carrying its policies and fulfilling the company's objectives. Secondly, 
through interviews with management personnel, analysts can learn something 
about their backgrounds, experience and motivations. Through the interviews, 
analysts can also appraise management's ability to plan, to organize, and to select, 
motivate, and control personnel. Finally, in the realm of planning, a good quality 
management team should specify clear-cut corporate objectives for the company. 
In addition, Koontz & 0，Donnell (1972) suggested that, as special traits of good 
quality of management, managers should have the ability to get along with people, 
leadership, analytical competence, and ability to get things done. 
5.3.5d Company Size 
One study (Dowen & Bauman 1986) had found out that the small 
capitalization factor can have a positive effect on portfolio returns over an 
extended period of years. Another study (Lustig & Leinbach 1983) also found 
some evidences for the company size effect. Defining the size of a stock in terms 
of its market value, it can be confident at the 95 per cent level that the abnormal 
returns on the large stocks were not different from zero, and confident at the 90 
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per cent level that the abnormal returns of the small stocks were greater than the 
abnormal returns on the large stocks. 
However, the abnormal returns of small stocks might just compensate the 
* I 
effort required to gather the information needed for prudent investment. If the 
opportunity cost of this additional effort were included in the purchase price of 
the stock, the abnormal return might disappear. After all, the firm size effect is 
considered to be an important attribute in the valuation of common stocks. 
5.3,5e Tax Rates and Dividend Policy 
Dividends are one of the principal determinants of the intrinsic values of 
stocks. To estimate the intrinsic value of a firm, financial conditions and earning 
prospects of the company as well as other factors that will affect the growth of 
firm should be considered. One of the major reasons investors buy common stock 
is to receive the dividends. Dividends can be paid in three basic forms - cash, 
stock and property, or some combination of the three. The most common 
dividend is cash, which gives a stockholder a monetary return on his investment. 
However, a company must decide whether the funds available for dividend 
payments can be used more effectively by retaining them or by paying them out 
to stockholders. Retaining funds may enable the company to grow at a faster 
rate, and the value of the stock could appreciate. A change in dividend policy 
might also reflect a company future investment plan which directly affects the 
value of a firm. In addition, if dividends are paid in the form of stock issues, 
stock prices might also be changed significantly. 
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The dividend policy has been investigated in a number of ways. In the 
classic article, Modigliani and Miller demonstrated that given the investment 
policy of the firm, the matter of dividend payment or non-payment was not a 
determinant of value (Modigliani & Miller 1961). However, several restrictive 
.( 
assumptions were made in order to support their propositions. There were many 
conditions in the economy that one dividend policy might be superior to another, 
such as the tax policy of the government. 
In general, if firms do not change their dividend policies, the market value 
of high dividend stocks should increase relative to the value of low dividend 
stocks. Besides, through the tax effects, it had also be concluded that dividend 
policy did influence value of stocks (Sterk & Vandenberg 1990). Furthermore, 
apart from the influence through dividend policy, tax policy could also affect 
profits of firms of different size and business sectors, which were in turn reflected 
by share prices. 
5,2.5fBeta 
To capture a stock's price movements and risk, a market model is 
commonly used. This market model takes a single index as a proxy for the 
* 
market influence and decomposes a stock's return into two components (Equation 
5). The first component is a systematic component which gauges the performance 
of the security with that of the market as a whole, as measured by times fi” 
This component reflects the return sensitivity of the stock toward the market 
fluctuation. The second component is the portion of the return independent of 
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the market's performance, as measured by the other two terms in the equation. 
In a fully diversified portfolio of securities, the risk of the portfolio is related to 
B and is independent of the non-systematic component. 
Rt = a + 6Rjvit+ e ^ 
Although the beta-return relationship of the CAPM has been subjected to 
criticisms, to certain degree B can still explain and even forecast the performance 
of a security. Hence, B is also included in the proposed model as one of the 
attributes for pricing the common stocks. 
5J.5gTrade Volume 
Trade volume not only reflects the liquidity, but also the market 
capitalization of a common stock. Furthermore, combining with other technical 
indicators, such as RSI and Wave Trend, it can also indicate the degree to which 
a stock with high trade volume is preferred by individual investors. 
An empirical study had been conducted on testing the relationship between 
stock returns and bid-ask spread which can be viewed as one of the indicators for 
the price the dealer demands for providing liquidity services and immediacy of 
execution. Evidence demonstrated that the bid-ask spread, as a percentage of the 
stock price, exhibited a strong negative correlation with stock attributes for 
liquidity (Amihud & Mendelson 1986). 
However, variations in investors' holding periods make the return-spread 
relation even more complicated. The longer the period over which the stock is 
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held, or the lower the probability of liquidation within a given period, the lower 
the added return required to compensate the investor for an increase in the bid-
ask spread, or the liquidity. Gross required return increases as the bid-ask spread 
increases, but the increment decreases as holding period increases or probability 
‘t 
of liquidation decreases. Investors with different holding periods will thus require 
different gross rates of return from the same security (Amihud & Menddson 
1986). 
Although the liquidity effect changes with different planning time horizons, 
the AHP model alleviates the problem by the proposed structure. As mentioned 
above, less addition increment expected returns are required for stocks with 
longer holding periods. Actually it corresponds to the situation that an individual 
investor puts more weight on the risk attribute for long-term investment at level 
2. Thus even given the same score on the trade volume at this level, less strict 
requirement is imposed upon the expected return, because it has already been 
compensated by higher utility even with the same level of liquidity risk. 
5.3.5h Wave Trends 
Wave Trends here means the Dow Theory. Around the turn of the century, 
Charles H. Dow formulated a hypothesis that the stock market did not perform 
on a random basis, but its general direction was guided by three distinct cyclical 
trends (Fischer & Jordan 1987). The original purpose of the Dow Theory was to 
predict changes in business activity, but it became a popular tool for forecasting 
changes in stock prices. Chartists and other stock market technicians generally 
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recognize the Dow Theory as the foundation of technical stock market studies 
(Gup 1986). -
In short, Dow classified the cycles as primary, secondary, and minor trends. 
，I 
The primary trend was the long-range cycle that carried the entire market up and 
down. The secondary trend acted as a restraining force on the primary trend, 
tending to correct deviations from its general boundaries. Secondary trends 
usually lasted for several weeks to several months. The minor trends were the 
day-to-day fluctuations in the market. These last trends had little analytic value, 
mainly due to their short duration and small variations. 
As proposed by the Dow theory, a bull market is about to be in process 
when successive highs are reached after secondary corrections, and when 
secondary upswings advance beyond previous secondary downswings. The theory 
also requires that the secondary downswing corrections will be of shorter duration 
than the secondary upswings. The reverse of these propositions are also true in 
a bear market. This can be adopted as a guideline for predicting the trends of 
the stock candidates under consideration. 
5.3,5i Moving Averages 
One of the most reliable and easily read technical indicators available to 
investors is the 200-day moving average of a security (Fischer & Jordan 1987). 
This technique is simple. The closing prices of the stock market observation are 
added up for the most recent 200 trading days. This sum is then divided by 200. 
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The objective is to obtain a relative simple and smooth curve for the issue. 
Random variations and erratic price changes tend to cancel out, and a general 
underlying trend becomes visible. There are eight rules for using the 200-day 
moving average (Fischer 8c Jordan 1987): 
-If the 200-day average line flattens out following a previous decline, or is 
advancing, and the price of the stock penetrates that average line on the 
upside, this comprises a major buying signal. 
-If the price of the stock falls below the 200-day average price while the 
average line is still rising, this is also considered to be a buying opportunity. 
-If the stock price is above the 200-day line and is declining toward that line, 
fails to go through and starts to turn up again, this is a buying signal. 
-If the stock price falls too fast under the decline 200-day average line, it is 
entitled to an advance back toward the average line and the stock can be 
bought for this short-term technical rise. 
-If the 200-day average line flattens out following a previous rise, or is 
declining, and the price of the stock penetrates that line on the downside, this 
comprises a major sell signal. 
-If the price of the stock rises above the lOO-day moving average price line 
while the average line is still falling, this also is considered to be a selling 
opportunity. 
-If the stock price is below the 200-day line and is advancing toward that 
line, fails to go through and starts to turn down again, this is a selling signal 
-If the stock price advances too fast above the advancing 200-day average 
line, it is entitled to a reaction back toward the average line and the stock can 
be sold for this short-term technical reaction. 
Basically there are also other moving averages being employed, such as 10-day, 
18-day, and 50-day moving averages. As different industries have different 
properties, choosing the suitable moving averages should be carefully matched 
with that specific industry. 
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5.3.5jRelative Strength Index (RSI) 
A recent approach of techitical analysis was proposed by (Levy 1967). His 
method is called relative-strength analysis. A basic tenet of this technique is that 
certain securities perform better than other securities in a given market 
^ I 
environment and this behavior will remain relatively constant over time. 
Generally, this technique is used in conjunction with either the stock of individual 
companies, or industries, or portfolios consisting of stocks and bonds. 
When the stock application is used, the analyst calculates ratios for the 
returns (over time) of the stock to those of its industry group, and to those of the 
general market. These ratios are then plotted over time to see the relative 
strengths. Technicians using relative strength approach have observed those firms 
and industries displaying the greatest relative strength in bull market also showing 
the greatest relative weakness in bear markets. This implies that these firms have 
high Bs. 
5.3.6 Level 6 
As the last level of the proposed AHP model, the list of stock candidates 
are compared based on each of the attributes at level 5. Other things being 
equal, an investor who assigns weights to a list of candidate stocks needs only to 
make comparisons at this level. Weights assigned to attributes from level 1 to 
level 5 basically reflect the values of that specific investor, while comparisons 
being made at this level, no matter how subjective by self-judgement or objective 
by historical data, reflect the scores that those stocks should obtain. 
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5.4 CHAPTER SUMMARY 
In this chapter an AHP model for stock evaluation is developed. The 
proposed AHP model is made up of six levels, with each level corresponds to a 
stage in making the stock selection decision. In addition, explanations and 
，t 
justifications for the structure and choice of factors at each level are also given. 
In the next chapter a DSS prototype for the model is developed. An application 
of the prototype is also demonstrated through an example. 
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CHAPTER 6 
INVESTMENT RISK INFORMATION SYSTEM (IRIS) 
Based on the proposed AHP model, a prototype namely Investment Risk 
Information System (IRIS) is developed for assisting individual investors in 
formulating their desired stock evaluation process. The name IRIS is used not 
only for the sake of easy recall, but also for reflecting the importance of risk 
management in an investment decision as well as its function in providing 
investment information to users. 
There are several reasons why the development of IRIS is important. 
Firstly, IRIS facilitates the data collection process for the validation of the 
proposed AHP model. As will be described in later sections, IRIS allows users 
to save to external files their own hierarchy structures, including comparison 
matrices for all levels. The hierarchy structures can be retrieved from the files 
and modified later. 
Secondly, as the whole decision-making hierarchy structure is displayed on 
the screen, compared with collecting data simply through questionnaires, users of 
IRIS can more easily understand the process in which they evaluate the stock 
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candidates. When making the pairwise comparisons with the whole structure 
being shown, they can easily know actually at which level they are making their 
decisions. Furthermore, IRIS allows them to make comparisons for attributes at 
different levels at their desired order simply by using the arrows keys, and to \ » 
adjust their decisions whenever they would like to. 
Thirdly, IRIS computes the resulting weights on stocks spontaneously after 
comparisons of attributes have been made. In this way, users can perform what-if 
analysis on the weights assigned to stocks, and see the changes immediately 
resulting from any change in the weights assigned attributes or scores on stocks. 
Finally and the most important of all, as IRIS calculates the consistency 
ratio immediately, users are able to ensure that the comparisons are made 
consistently before they confirm their decisions. As mentioned in Chapter 3，a 
consistent matrix should have consistency ratio of 0.1 or below. 
6.1 SYSTEM FLOWCHART 
As IRIS is basically designed and implemented for testing the AHP model, 
a simple architecture is adopted for this system (see Figure 7). The system 
consists of three main components: the User, IRIS, and External Storage. 
Instead of retrieving through the Database Management System (DBMS) 
and Model Base Management System (MBMS), most of the data are new being 
processed by the users of the prototype. Data may be prepared in the form of 
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paper documents or be retrieved through accessing other computer software. 
After compiling those data, IRIS' provides an interface for the user to enter his 
information for deriving his preferences of stocks based on a set • of pre-
determined factors. Finally, external files are used for storing the hierarchy 
-I 
structures and comparison matrices. 
6.2 PROGRAM SPECIFICATION 
IRIS can be divided into four subsystems: the File Maintenance Module, 
the Hierarchy Setup Module, the Eigenvector Computation Module, and the 
Overall Weight Computation Module (see Figure 8). Each module can be 
considered as a black box which performs its functions independently. The 
following sections describe briefly the functions of each module in turn. 
6.2.1 File Maintenance Module 
As mentioned above, IRIS provides the facility for storing and retrieving 
hierarchy information. External files are used for saving up those data. It is 
considered as an important function since users can now view their own hierarchy 
information as well as those set up by the other users for reference. 
6.2.2 Hierarchy Setup 
This module is responsible for displaying the whole hierarchy structure and 
the comparison matrices. It also acts as an interface for extracting information 
from users through the pairwise comparisons of attributes input to IRIS. 
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Figure 8: Program Specification of IRIS 
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6.2.3 Eigenvector Computation 
A critical module of IRIS Is the Eigenvector Computation Module. This 
module computes interactively the eigenvector, consistency index and consistency 
ratio whenever comparison matrices are being filled in. The figures are useful in 
，t 
indicating the degree of consistency of the matrices being filled. 
6.2.4 Overall Weight Computation 
As a final step, eigenvectors of attributes at all levels should be gathered 
for computing the final scores of the candidate stocks, in a way similar to the 
process of the example as shown in Chapter 3. 
6.3 PROTOTYPE OPERATION 
At the start up of IRIS, it asks for the number of stock candidates to be 
evaluated. For the sake of simplicity, at most seven stocks are allowed to be 
input (Figure 9), as it would be difficult for users to compare stocks as the 
number of which is too large. In this example, three stocks are being compared. 
To do so, type a 3 on the input space provided. To correct the number just 
entered, either simply overwrite it or press backspace to remove it. After which, 
the AHP model for stock evaluation would be displayed (Figure 10). 
Now the hierarchy structure of the AHP model for stock evaluation is 
displayed. There are totally six levels in the structure. Every node on each level 
represents an attribute or sub-problem to be solved. At the first level, there is 
only one node (SE stands for Stock Evaluation) denoting the overall goal to be 
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achieved, i.e. evaluate stock candidates and select from which a stock which gives 
highest utility to the user. The second level has three nodes representing the 
three planning time horizons, where LTm stands for long-term, MTm stands for 
medium-terin, and STm stands for short-term. The third level has two nodes 
、I 
representing risk (RSK) and return (RET). The fourth level has three nodes 
representing the three supplementary approaches for analysing stocks: the 
environmental analysis (EnF), the corporate analysis (CoF), and technical analysis 
(TeF). At fifth level is a list of factors based on which the analysis is being 
applied. 
At bottom of screen, three empty nodes are shown which represent the 
stock candidates to be evaluated. Names should be assigned to the assets before 
comparisons are being made. To do so, press arrow keys to move to the 
correspond block (Figure 10) and then press Enter. IRIS will then ask for a 
three-character abbreviation for the stock, and also the corresponding description 
for it (Figure 11). As can be seen from Figure 12, an abbreviation SI is used to 
stand for stock 1，S2 for stock 2, and S3 for stock 3. 
Now it comes to determine the relative importance of the attributes. As 
illustrated in Figure 12, right below each node is a vector which represents the 
weights to be assigned to attributes at the next level. For example, below the 
node SE is the vector (0.33,0.33,0.33).It means that in evaluating the stocks, the 
relative importance of long-term objectives, medium-term objectives and short-
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adjusted, all the three stock candidates have the same weights. 
To determine the eigenvectors for different levels, move the cursor to the 
node on which weights of attributes of next level to be computed. As shown in 
Figure 12, the system determines the relative importance of long-term, medium-
term, and short-term performance of the stock candidates. Move cursor to node 
SE and press Enter. 
Another screen will be displayed (Figure 13). It contains the pairwise 
comparison matrix, eigenvector (column beside the matrix), eigenvalue, 
consistency index, and consistency ratio. Only entries not shaded are allowed to 
be changed with keys PgUp and PgDn. As mentioned above, a 9-point scale is 
adopted. Pressing PgUp would increase the relative importance of attribute on 
the row as compared with that on the column. For example, if long-term 
performance has weak importance over medium-term performance, a 4 can be 
placed into the cell by pressing PgUp three times. 
Similarly if short-term performance has slight-to-weak importance as 
compared with medium-term performance, a -2 (actually which represents 1/2 
•A 
rather than -2) can be placed into the cell by using PgDn. Figure 14 is another 
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As entries in the matrix changes, the eigenvector on the right hand side 
also changes correspondingly. "In this example, we have a final principal 
eigenvector (0.63,0.14,0.24)which corresponds to the relative importance of the 
performance of the stock candidates in the three planning time horizons. At the 
�I 
lower right hand comer, the eigenvalue, consistency index and consistency ratio 
are also updated and displayed simultaneously. Note that a consistent comparison 
matrix always has a consistency ratio smaller than 0.1. 
To exit the module for filling the pairwise comparisons, press the ESC key 
and we are back to the module showing the AHP model. Figure 15 is a 
completed hierarchy of the AHP model. Observe that now the vector below the 
node with abbreviation SE becomes (0.63,0.14,0.24).To compute the weights to 
the stock candidates, it has to compare the ranking of stocks on the basic 
attributes. The brackets below the stocks show the weight or portion of capital 
to be allocated to each stock. In this example, IRIS suggests to allocate about 
68%, 18% and 14% of capital to Stock 1, Stock 2 and Stock 3 respectively. 
IRIS supports four functions keys which allow users to: (i) change the 
number of stocks to be compared; (ii) refresh the screen; (iii) store the existing 
hierarchy structure and comparison matrices; and (iv) retrieve the hierarchy and 
data entered earlier. 
Figure 16 shows the display while the file WILLIAM is being retrieved 
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"File not found ..."will be displayed if no such file exists on the current directory 
(Figure 17). Similarly, if the user wants to save up th6 current settings, he can 
press F4 followed by the file name (Figure 18). 
6.4 CHAPTER SUMMARY 
In this chapter, a prototype namely IRIS of the stock evaluation model is 
developed. The system flowchart and system specifications are also given. 
Basically IRIS is made up of four modules: file maintenance, hierarchy setup, 
eigenvector computation and overall weight computation. Through the use of an 
example, detail operations of IRIS is presented. The findings on user evaluation 
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CHAPTER 7 
USER EVALUATIONOF MODEL AND PROTOTYPE 
7.1 METHODOLOGY OF EVALUATION 
In order to test the validity and applicability of the proposed AHP model 
and the prototype, three MBA students were invited to the evaluation exercise. 
Three stocks from separate industries were compared by the participants 
independently. In particular, settings of the evaluation of the proposed model and 
prototype were as follows: 
7.1.1 Participants 
Three MBA students with considerable knowledge of investments in 
common stocks were chosen as the participants. They were chosen not only for 
their knowledge in finance, but also for their experience in applying the three 
analyses (environmental analysis, corporate analysis and technical analysis) to the 
evaluation of common stocks. During the process of evaluation, they were 
instructed to evaluate the stocks independently. Since they were invited to the 
evaluation process on separate days, no discussions on the data of the stock 
candidates were possible between any two of them. This can avoid bias toward 
or against any particular common stock by the participants. 
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7.1.2 Stock Candidates 
Three stocks from separate industries were compared under a hypothetic 
scenario. Several remarks are worth mentioning here. Firstly, only three stocks 
were compared as users may find it difficult to evaluate simultaneously too many 
* i 
stocks at the same time. On the other hand, although only with three stocks it 
still allows us to check for the consistency between the weights assigned intuitively 
by user and those assigned by applying IRIS. Here the weights are defined to be 
consistent if the maximum ratios of corresponding weights obtained from the 
above two methods fall within the range 0.8 and 1.25. That is, if (Wu W!! W3) 
represents the vector of weights assigned to the three stocks intuitively and (Wj^ 
W2a W3J represents that by applying the model, we say that the two vectors are 
consistent if 
0 . 8 < i n a x { < 1 . 2 5 
Wla W2a 
Secondly, stocks were obtained from three different industries so as to 
reflect the differences in attribute values. The stocks were chosen from three 
distinct industries: the banking industry, the public utilities and the property 
industry. Furthermore, all three stock candidates were selected from the blue 
chips so as to avoid unpredictable side effects. 
7.1.3 Stock Data 
To avoid users from pricing the stocks by considering factors other than 
those adopted in the model, throughout the whole evaluation process, users were 
reminded to value the stocks solely based on the information provided (see 
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Appendix). Since the factors adopted by the model might to certain degree be 
correlated, to ensure that the values of the factors agreed with each other, real 
data were used by extracting statistics and the judgments of professionals from 
security sources available. Data are adopted from the Sun Hung Kai Research 
"I 
Ltd and Global Forecasting Service for their professionalism on security analysis. 
Data for the three stock candidates were adopted from those of Hong Kong Bank, 
Hong Kong Electric and Henderson Land. Due to limited source of data, 
information of the three stock candidates in the year 1988 were adopted from the 
above two security sources. 
As mentioned in Chapter 5, the quality of management of a company could 
be assessed in a number of ways. They included the ability of management to 
specify clear-cut corporate plans, the ability to meet company objectives, as well 
as the backgrounds of management personnel. In terms of these three aspects, 
participants were assumed to have some knowledge of the quality of management 
of the three companies. However, as one of the criteria of a good quality 
management, corporate plans of the three companies were provided to the 
participants for reference. 
7,1.4 Process of Model and Prototype Evaluation 
Data on the three stocks were handed over to the participants at least one 
day before they used IRIS. The data set could be divided into three main parts: 
the environmental data, corporate data and technical data. Environmental data 
included statements about the political outlook, GDP forecasts, tax rates, industry 
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information and interest rates of Hong Kong. Corporate data included the 
market capitalization, quality of management, past earnings, forecast earnings and 
dividend policies of the target companies. Technical data included company betas 
and charts showing the wave trends, moving averages, RSI and trade volume. 
� i 
Data were listed out item by item separately. No attempt was made to 
state out the degree of attractiveness of each stock candidate. In this way, 
participants were free to analyze the stocks and allocate capital to them by their 
own method. Furthermore, participants were continuously reminded that they 
were assumed to make decisions based on the provided data only. After the 
participants had intuitively made their investment decisions, they were introduced 
to IRIS. To avoid misunderstandings about IRIS, the author provided guidance 
to the participants in making stock evaluations. Participants were reminded of the 
underlying meanings of different attributes. For example, if one participant 
concerned more with risk than return in the long term, he should put more weight 
on risk than return. 
7.2 FINDINGS 
Three MBA students were invited to the user evaluation exercise. They 
were asked to state out the portions of capital by which they would allocate to the 
three stock candidates, intuitively as well as through the use of IRIS. The results 
of the prototype evaluation were as follows: 
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Intuitive Decision (A) Decision by IRIS (B) 
Participant 
Ratios (A/B) 
HKB HKE HEN • HKB HKE HEN HKB HKE HEN 
0,20 0.50 0.30 0.2256 0.4467 0.3277 0.89 1.12 0.92 
0.35 0.45 0.20 0.3785 0.3612 0.2608 0.92 1.25 0.77 
0.40 0.35 0.25 0.4291 0.2912 0.2797 0.93 1.20 0.89 
Obviously there exists discrepancies between the results determined 
intuitively and those determined with the application of IRIS. However, except 
participant 2, results from intuitive decision and decision by IRIS were found to 
be consistent according to our definition. That is, for example, participant 1 
intuitively allocated amount of capital to the three stocks in the proportion 0.2, 
0.5 and 0.3. When IRIS was employed, the ratio became 0.2256, 0.4467 and 
0.3277. Even though the weights were not exactly the same, the corresponding 
ratios (A/B) of the weights assigned to the stock candidates all fell into the range 
between 0.8 and 1.25. According to our definition, the two sets of weights are 
said to be consistent with each other. This implies that, through the use of the 
proposed AHP model, users could make choices which reflect their preferences. 
Besides, during the user evaluation process, the following comments were 
obtained: 
7.2.1 Structure the Stock Evaluation Process 
All three participants found it difficult to handle all the data 
simultaneously in intuitively evaluating the stocks. They agreed that, with the 
help of IRIS, it became more easy to analyze and compare the ratings of stocks 
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on all fifteen factors one by one. IRIS allowed them to think systematically over 
the factors during the decision making process. 
7.2.2 Time-consuming 
• 1 
Initially all participants felt it cumbersome to compare all factors in filling 
the comparison matrices when using IRIS. After completing the comparison 
matrices for the first few levels, however, they became familiar with the meanings 
of scales and operations of IRIS. It took not too long (about half an hour) for 
them to complete the decision process through using IRIS. Nevertheless, they 
commented that, as the number of stocks increases, it might take them a lot 
longer time to complete the matrices. 
7.2.3 The Consistency Ratio 
All participants agreed that they would refer to the consistency ratio and 
eigenvector when they were filling the comparison matrices. They found it helpful 
to have the eigenvectors computed instantaneously to reflect how the matrices 
were filled. In addition, the consistency ratios also assisted them in guarding 
against matrices being filled erroneously or inconsistently. 
r.2.4 Reconsideration of Factors 
All participants addressed that they would not intuitively consider all the 
factors in determining the values of stocks. They would rather focus on only a 
few important factors. Some of the participants said that the industry 
performance was more important, while others said that forecast earnings and 
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dividend policy were good estimators for company performance. However, when 
IRIS was employed, they were forced to carefully reconsider some of the factors 
they left out previously. Users agreed that sometimes those information left out 
were indeed useful as they thought over them again. This partly explained the 
discrepancies between results obtained intuitively and those obtained through 
IRIS. 
7.2.5 Precise Amount Available 
All users could allocate intuitively the capital to those stocks at most to 
two decimal places only. One the other hand, IRIS would allow users to 
determine the amounts more precisely. With more exact figures, users would be 
able to make choice more carefully. Consider evaluation result of participant 3. 
Initially he assigned weights 0.35 and 0.25 to the stocks HKE and HEN 
respectively. On the other hand，with the use of IRIS, the assigned weights to the 
two stocks were found to be 0.2912 and 0.2797 respectively. With reference to 
the last two weights, the difference in value of the two stocks to the participant 
actually might not be as significant as expected initially. 
7.2.6 Users Forced to Consider All Factors 
Some of the users confessed that, as they did not consider all the provided 
data to analyze the stocks, they actually assigned weights to the three stocks in a 
random manner. However, as perceived by all three participants, IRIS could 
improve the quality of their decisions by forcing them to investigate the data in 
more detail. 
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7.3 CONCLUSION OF EVALUATION 
In summary, IRIS has its pros and cons for stock evaluation. The major 
shortcoming of IRIS is that, as the number of stocks increases, it might take users 
a long time to complete the comparison matrices. On the other hand, IRIS has 
several advantages. IRIS allowed participants to think systematically over 
different dimensions of the factors during the decision making process. Also, 
consistency ratios were computed instantaneously as participants filled the 
comparison matrices. This could assist participants in guarding against matrices 
being filled erroneously. In addition, the participants confessed that they would 
not consider all factors in determining the values of stocks intuitively. With IRIS, 
they were forced to reconsider some of the factors they left out previously. Also, 
IRIS would allow users to determine more precisely the amount to be allocated 
to each stock. On top of these advantages, as agreed by the participants, they 
perceived IRIS to be able to improve the quality of their decisions. 
With considerations of the strengths and weaknesses of IRIS, we expect 
IRIS to improve the quality of decisions of individual investors on common stocks. 
Although filling the matrices are time-consuming, we can see that it would not be 
a serious problem, especially when the AHP model is not too complex and the 
number of stock candidates is not too large. In conclusion, we can say that IRIS 
is useful in assisting individual investors to make investment decisions on common 
stocks. 
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7.4 CHAPTER SUMMARY 
Findings on the evaluation of IRIS is reported in this chapter. Basically 
results obtained through application of IRIS are considered to be consistent with 
those determined intuitively by users. This implies that the proposed AHP model 
for stock evaluation could reflect users' preferences in making decisions. 
There are pros and cons of using IRIS. Some users commented that they 
encountered difficulties in operating IRIS initially when they were not very 
familiar with it. On the other hand, they admitted that IRIS could improve the 
quality of their decisions by structuring and breaking down the decision process 
in such a way that allowed them to handle the available data more easily. In 
addition, IRIS could also provide users with more precise weights to the stock 
candidates. Following the above evaluation, we conclude that IRIS is useful in 
assisting users in making stock selection and allocation decisions. 
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CHAPTERS 
SUMMARY AND CONCLUSION 
8.1 REPORT SUMMARY 
Three major areas are covered in this report: the decision support system, 
stock evaluation, and the analytical hierarchy process model. The main purpose 
of this project is to construct a DSS prototype for stock evaluation by using the 
AHP model. A prototype, namely IRIS, was developed as an instrument for 
testing and validating the proposed AHP model. Three MBA students with 
knowledge in investment of common stocks were invited to participate in the 
prototype evaluation process. The results of the user evaluation process were 
quite promising. The users agreed that IRIS could assist them structuring their 
decision making process. By computing the consistency ratio instantaneously, 
IRIS also enabled users to check for the consistence of the comparison matrices 
during their decision making process. Finally, they all agreed that IRIS was 
perceived to be able to improve the quality of their decisions. 
8.2 CONCLUSION 
Based on the findings of user evaluation, as the weights assigned intuitively 
and by IRIS are basically consistent with each other, it is concluded that the 
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proposed AHP model could enable users to evaluate stocks with their preferences 
reflected. Furthermore, it is also concluded that IRIS was helpful in assisting 
users to make stock selection and allocation decision. With its advantages, IRIS 
was perceived by the users to be able to improve the quality of their decisions. 
There is, however, one shortcoming of AHP. As the number of levels and 
attributes increases, the number of painvise comparisons required also increases 
markedly. This might take users substantially long time to make their decisions 
as the structure of the hierarchy becomes complicated. 
There still rooms for improvements for the proposed model. IRIS can be 
modified to interface with other information systems so as to allow users to have 
up-to-date information on the environment as well as the companies. Also, as 
indicated by Millet & Harker (1990), AHP model can be modified to allow for 
unanswered pairwise comparisons. Furthermore, truncation of computation are 
also possible when the effect of the attributes are insignificant. With these 
modifications, it becomes possible to apply AHP to even more complicated 
situations as the number of factors or stock candidates increases. 
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APPENDIX 
EVALUATION OF AHP MODEL 
FOR 
STOCK SELECTION AND ALLOCATION 
I am a MBA student of the Chinese University of Hong Kong. I would like 
to invite you to the evaluation of the AHP model for Stock Selection and 
Allocation. Details of the evaluation process are as follows: 
(a) The objective of this survey is to compare your results of stock selection 
obtained from the AHP model with that intuitively determined by you. 
(b) Three candidate stocks from different industries are being compared: HK 
Bank (Banking), HK Electric (Utility) and Henderson Land (Properties). 
(c) You are supposed to refer to attached information about the three 
candidate stocks as a guide to the stock selection and allocation process. 
There are totally fifteen factors to be considered in valuating the stocks: 
political uncertainty, GDP, tax rates, industry performance, interest rates, 
market capitalization of company, quality of management, past eaminp, 
forecast earnings, dividend policy, beta, wave trend (Dow theory), moving 
averages, RSI, and trade volume. 
(d) With reference to the stock information provided, please rank and weigh 
the portion of capital with which you like to allocate to the candidate 
stocks. You can invest any amount (or even none at all) to the stock 
candidates. 
(e) After step (d), please assign weights to the three stocks by applying the 
AHP model through the use of provided prototype. 
(f) Please observe any discrepancies between results obtained from (d) & (e). 
You are allow to repeat step (d) & step (e). But please don't try to make 
unnecessary adjustments to make them consistent. 
(e) Please note that in filling the comparison matrices, a 9-point scale is 
adopted. 
Thank you for your cooperaton 
(A) ENVIRONMENr 
(a) Political Outlook 
The political outlook for Hong Kong will become increasingly uncertain as changes in the administration of the territory take place 
in the run-up to the transition to Chinese sovereignty. By Asian standards, however, it will remain visibly less politically volatile than most states. 
The confidence of the territoiys population in its future continues to be eroded by the apparent lack of consultation between the 
Chinese and Hong Kong governments. The Sino-British Joint Liaison Group, which was specifically formed to deal with issues affecting the 
transition to Chinese sovereignty, has held no meetings recently and thus appears not to be functioning as it should. Clearly’ the Joint Liaison 
Group will have to become more active over the forecast perio'd, given that China will inevitably increase its influence in Hong Kong dunng the 
next five years. At any rate, an informal arrangement can be expected to emerge to help facilitate the hand-over from British to Chinese rule. 
Clues to Wilson's successor are practically nonexistent. The first-ever appointment of an ethnic Chinese appears an attractive option. 
In addition to bringing the office within the cultural reach of the majority of Hongkongers, it would hold out the hope of continuity over the 
pre- and post-1997 era. There are few suitable candidates, however. China is likely to object to those candidates who are seen as to ciosc to the 
British establishment. Others, though excellent as industrialists, lack the necessary political experience. A few locally bom public administrators 
might meet the criteria; otherwise, a leading British figure from one of the local ”Hongs"’ or another Foreign Office official, will get the job 
(Adopted from Global Forecasting Scrvicc). 
(b) GDP 
With an expected global economic upturn, Hong Kong should manage real GDP expansion of 7.7%, with growth underpinned by the 
commencement of huge infrastructure projects. This enviable development is expected to be short-lived, however. An anticipated weakening in 
external demand and a decline in local economic activity as 1997 approaches will inhibit Hong Kong's economic growth in the medium term. 
Given these circumstances, real GDP expansion is projected to decline to 4.1% in 1993 and 1994，respectively. 
89 90 91 92 93 94 
GDP (Real % Change) 2:3 1.7 2.8 7.7 4.1 3.2 
GDP/head (USS'OOO) 10.9 12.1 13.4 15.9 18.3 20^ 
(Adopted from Global Forecasting Scrvicc) 
(c) Tax Rates . . ^ � （ . • Hong Kong faces a problem over the forecast period: pay for ambitious infrastructure projects and fast-nsing demand for social 
services through higher taxation, or trim spending plans. 
Arguably the only ace up Hong Kong's sleeve is its minimal taxation levels. It is one of the few mitigating factors and provides a 
disincentive to company relocation. This is not to say that profits tax will not rise - but such a move will be a last resort, and probably modest 
at that. . . . 
The government will want to spread the tax burden further around a community that is far more prosperous now than when the basic 
principles of the personal tax system were established. This would also help give revenues a more stable base, rather than depending on the 
performance of a relatively small number of individuals and firms (Adopted from Global Forecasting Scrvicc). 
(d) Market 
£1} Banking Industry 
Despite the slow down in the Hong Kong economy, the performance of the local banking industry remains strong on the back of a 
buoyant property market and strong domestic demand. In addition, the Bank is benefiting from the higher interest rate environment. 
Loans for use in Hong Kong which grew at a 13% rate during the corresponding period compares favourably with the 15% growth 
recorded from December 1986 to June 1987. This is largely on the back of the 19% increase in mortgage loans which is indicative of 
strong demand for residential property. A sectoral analysis of loans and advances for use in Hong Kong reveals that demand for loans 
to purchase residential property remained strong. 
£ii} Power Consumption 
For the firet half of 1988, electricity sales increased by 11.8% to Sl,477.1 millions. Electricity consumption in the domestic sector, which 
accounts for 23% of HK Electric's electricity sales, rose by 17% largely due to warmer weather for the first six months which has 
required a heavier use of air conditioner. HK Electric should continue to see steady growth in its electricity sales especially within 
the commercial sector, to which 64% of HK Electric's electricity was sold in 1987, as several large building projects such as the Bank 
of China Building, Pacific Place and the Hong Kong Exhibition and Convention Centre will soon become large electricity. 
(iiO Property Market 
Despite the increasing level of speculation, the property market is still fundamentally sound, the swift recovery of property pnces after 
the temporaiy setback in October 1987 is mainly due to the strong demand from genuine end-users and, to a lesser extent, speculation. 
Prices across the board are now over 10% higher than the pre-crash level. The growing size of the working population and the 
increasing affluence of Hong Kong's middle classes have fuelled a steady demand for residential units in the past decade. However, 
the actual take-up depends largely on the level of household affordability. Recently, there have been sign of increasing speculation. 
There were queues outside the sales offices of property companies a few days before the flats were actually sold. Also, flats were put 
up for sale in the second hand market at a premium of some 10% the day after the developer offered them to the market If the level 
of speculation intensifies, property prices will probably go up even faster in a short period of time. 
(Adopted bom Sun Hung Kai Rfiseaich Ltd). 
(e) Interest Rates 
Interest rates have risen steadily this year (prime up to from in January, and the savings rate up from 1J% to 4.75%). With 
these higher interest rates, the bank is enjoying larger interest rate spreads. HIBOR rates have also finned up from the near zero rates in January 

























(c) Past Pamings 





















































(a) Market Capitalization 
HK Bank $ 31,162 millions 
HK Electric $ 12,827 millions 
Henderson Land $ 8,198 millions 
(Adopted Crom Sun Hung Kai Research Ltd) 
. / “ 
(b) CcMspany Plans 
m HK Bank 
HK Bank's 18.6% earnings growth reflects the improved performances of its overseas operations as well as the continued strength 
of the local banking industry. The absence of further large provisions against LDC debt has allowed 100% owned Marine Midland 
Bank and 15% owned Midland Bank to return to profitability. Following a sustained series of acquisition over the last few years in 
order to realize its goal as a full fledged international bank, HK Bank appears set in the near term for a period of consolidation in 
order to rationalize it operations (Adopted from Sun Hung Kai Research Ud). 
nn HK Electric 
HK Electric's interim earnings of $624 millions were in line with expectations. The earnings growth is due to capital expenditure on 
the Company's transmission and distribution system as well as the beginning of civil work on the Umma Island Unit 6. The Group 
also benefited from the reduction of its debt with the $2.4 billions raised from the rights issue in November 1987. For the full year 
1988’ the Company is expected to produce a 6.8% growth in earning to SI,350 millions. HK Electric has a 20% share in new company, 
Secan’ which will acquire the HK Electric power station site and the shell oil terminal site at Ap Lei Chau. The combined Ap Lei Chau 
site will be redeveloped by Secan into residential properties with 7.9 million square ft of gross floor area. Construction work will 
commence in March 1989 and the project is scheduled for completion over a 6-year period running up to 1995, providing an average 
of about $100 millions in earnings from property sales each year starting from 1991 (Adopted from Sua Hung Kai Research Ltd). 
Ciin Henderson Land . 
In late 1985, Henderson Land acquired a 73% interest in Wing Tai Development, which was recently reduced to 70%. The Group is 
a well-managed and vertically integrated property developer. Its activities include property development, property investment, property 
management, construction and mortgage financing. The Group considers itself as a "property manufacturer/ Property development 
will remain its core operation, accounting for some 75% of its estimated earning for fiscal 1988. The longer term prospect of 
Henderson Land look promising due to its large, low cost landbank. Its existing landbank is already sufficient for the Group to 
maintain a high a level of development activity until the early 1990's. However, the Group will continue to replenish its landbank 


























(d) Forecast Earnings 
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